Abstract. A cluster analysis was applied to the combined meteoroid orbit database derived from low-light level video observations by the SonotaCo consortium in Japan (64,650 meteors observed between 2007 and 2009) and by the Cameras for All-sky Meteor Surveillance (CAMS) project in California, during its first year of operation (40,744 meteors from Oct. 21, 2010 to Dec. 31, 2011). The objective was to identify known and potentially new meteoroid streams and identify their parent bodies. The database was examined by a single-linking algorithm using the Southworth and Hawkins D-criterion to identify similar orbits, with a low criterion threshold of D < 0.05. A minimum member threshold of 6 produced a total of 88 meteoroid streams. 43 are established streams and 45 are newly identified streams. The newly identified streams were included as numbers 448-502 in the IAU Meteor Shower Working List. Potential parent bodies are proposed.
Introduction
Ongoing meteoroid orbit surveys aim to identify as many as possible meteoroid streams. Each stream originated from a parent comet or asteroid. By integrating the parent body orbit back in time, dust can be generated at different epochs and then followed forward to its orbital evolution into an Earth intersecting stream at the present time to confirm the association. Each conclusive link provides a record of the parent body past activity and a 3-dimensional distribution of the dust in the inner solar system now and into the future (Jenniskens (2006) ).
In recent years, networks of low-light-level video cameras have contributed many new meteoroid orbits, complimenting radar studies such as results from the Canadian Meteor Orbit Radar (Brown et al. (2010) ). The most productive camera network has been that of the Japanese SonotaCo consortium (SonotaCo (2009) ). Meteoroid stream searches in Europe have been mostly focused on single-station observations (e.g. the International Meteor Organization Video Meteor Database), but multi-station results are now being gathered by the European Video Meteor Network Database (Kornos et al. (2013) ).
In California, the Cameras for All-sky Meteor Surveillance (CAMS) network started operations in October of 2010. At the end of 2011, 40,744 meteoroid orbits were calculated. The work presented here was our first attempt to confirm some of the previously reported showers listed in the IAU Working List of Meteor Showers, and to find potential new meteoroid streams. We did so by combining the CAMS data with those released by the SonotaCo consortium.
Methods
The 60-camera CAMS network consists of three stations of 20 low-light-level video cameras each, located at Fremont Peak Observatory, at Lick Observatory, and in Sunnyvale (or alternatively in Mountain View or Lodi) in California. The three stations used Watec Wat-902H2 Ultimate cameras equipped with f1.2 12 mm focal length lenses. The video is stored in four-frame compressed format and analysed using the CAMS software package (Jenniskens et al. (2011) ). The 100-camera SonotaCo network in Japan consists of more than 30 stations, which use both WATEC-100N and WATEC-902H2 cameras equipped with 3.8 -12 mm lenses (SonotaCo (2009)). Data are recorded and analyzed by the UFO software package. The precision of the measured radiant positions is about a factor of two less precise than the CAMS network (Jenniskens et al. (2011) ). At the time of this work, in early 2012, the 2007 -2009 meteoroid orbits were made publicly available (64,650 meteors).
Meteor showers identification
The combined database contains 105,394 meteoroid orbits. This meteor database was examined using a single-linking orbit grouping method by means of the Southworth and Hawkins criterion (Southworth & Hawkins (1963) ) to identify similar orbits.
In a first step, the IAU List of Established Meteor Showers was used to identify known meteor showers in the combined database. For each stream identified in this step the mean orbit was calculated and stream members identified. These orbits were excluded from the subsequent group-search using the single-linking method. Our grouping algorithm (Rudawska et al. (2012) ) is based on the single linkage, or nearest neighbour, method proposed by Southworth and Hawkins (1963) . In addition, they introduced the dissimilarity function, D SH , which now is the most often used criterion to identify what orbits are similar and may be linked.
Two orbits are thought associated if D is less than an assumed constant threshold, often taken as D < 0.25 (Lindblad (1971) ). In the first step, in which the major showers were identified, we used a threshold of 0.10. In the subsequent grouping algorithm, we used a low value of 0.05. Hence, only the most identical orbit groupings were extracted from the surveys. For our preliminary parent body search, we used a higher threshold of 0.20.
Results
The results for all clusters with at least 6 members (again, for threshold D < 0.05), excluding previously identified meteoroid streams, are summarized in Table 1. The table shows New meteor showers identified In the period between April and June we found 11 new meteoroid streams (Figure 1 ). In the period between April 22 and May 6, we identified the Camelopardalids shower (#451), which may originate from comet 209P/LINEAR (formerly known as 2004 CB). This comet has a close encounter with Earth during May 2014, when Earth will cross potential dust trails from past returns. The shower provides some evidence that this weakly active comet produced large dust grains in the past. The predicted radiant of the possible outburst meteors in 2014 is at R.A.=125, Decl.=+78, and entry speed is 15.9 km/s (Jenniskens (2006) ). The observed radiant is at R.A.=172.6, Decl.=+83.7 with entry speed of 14.7 km/s (Table 1) .
From April to June, we found 11 new meteoroid streams ( Figure 1 ). Meteoroid orbits of the April Delphinids (#450) and the June Cygnids (#458) are retrograde with unknown long-period comet parent bodies. These are compact showers.
The low velocity θ Virginids ( Between July and September we found 12 meteor showers. Compared to the spring meteor showers, these showers have a smaller number of members. With one exception, the August ν Aquariids (#467), which includes 13 meteoroid orbits that cover a period between August 8 and 16. These may originate from comet 72P/Denning-Fujikawa.
The July ρ Herculids (#463) are perhaps from asteroid 2011 MC. The retrograde August ξ Cassiopeiids (#465) may originate from a Halley-type comet. There is no candidate parent body. The September ρ Pegasids (#477)could derived from either asteroids 2011 EU29, New meteor showers identified 5 is 2.94, respectively. Moreover, the 2007 PA8 diameter is over 5 km in diameter. It would be interesting to study this object in reference to its possible past activity that may have supplied this meteoroid stream.
In January, we found the January φ Virginids (#500), which is represented mostly by SonotaCo meteor orbits due to lack of CAMS observations at this time. The shower is active from January 3 till 7, peaking at solar longitude 285.6 degrees.
Discussion
Because the CAMS survey is ongoing, these are preliminary results. In preparation of publication, these detections were reported to the IAU Meteor Data Center. To be more certain that these single-linking D-criterion extractions represented true meteoroid streams, we aimed to collect sufficient data within the CAMS network alone to confirm the detections. By the end of 2012, a total of 101,000 meteoroid orbits were measured by CAMS alone and the streams were again investigated, case by case. This work is the topic of a future publication.
In total, 29 out of the 48 candidate showers in Table 1 were confirmed. These are marked with a star in the first column of Table 1 . In addition, we found that two of the newly identified streams are likely part of now established showers: Shower 462 = 175 and shower 499 is part of 20.
A total of 21 showers were not detected in the CAMS data collected so far (those without a star in Table 1 ). Based in part on SonotaCo data, it is possible that some of these showers were active only at some time in the period 2007-2009, before CAMS operations were started, or that they peak at solar longitudes not yet covered in the current CAMS observations due to bad weather on those days.
On the other hand, it is possible that, in spite of the low D threshold value used in this study, the remainder are mere chance associations of unrelated orbits. Single-linking of related orbits alone does not guarantee association.
More meteoroid streams may exist in the data. The discriminant criterion, used at this low threshold value, does not select streams dispersed significantly in longitude of perihelion, for example.
Conclusions
The Cameras for All-sky Meteor Surveillance (CAMS) and SonotaCo Network Japan meteor databases were examined by single-linking algorithm combined with Southworth and Hawkins D-criterion. A total of 88 meteor meteoroid streams were found, 43 of which were known established showers, two others have since been established. A significant fraction of the remainder (at least 29 out of 46) are newly recognized meteoroid streams. Potential parent bodies are proposed.
